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(54) Power enabling apparatus and method 

(57) Disclosed is an input/output device controller 
for securely supplying power to a PC card that is loaded 
into a slot of a personal computer. The Input/output de- 
vice controller, which permits an information processing 
apparatus to communicate with an input/output device, 
comprises: an interface that is employed for data ex- 
change with the input/output bus of the information 
processing apparatus, a register for temporarily holding 
part of a data group that is to be exchanged, a driver for 
transmitting a signal to the input/output device, a power 
enabler for. in consonance with the contents written in 
the register, connecting/disconnecting a power line that 
joins the input/output device to a power source, and de- 
tection means for detecting an over current across the 
power line; and writes in the register the detection result 
and renders off the driver in response to the detection 
result, when an abnormality is detected in the supply of 
power to the PC card, the detection result can be report- 
ed to the PC. In addition, when an abnormality in the 
supply of power to the PC card is detected, the output 
of the driver for transmitting a signal to the PC card is 
halted, and the destruction of the internal circuit of the 
PC card due to the latch-up can be prevented. 
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(54) Power enabling apparatus and method 

(57) Disclosed is an input/output device controller 
for securely supplying power to a PC card that is loaded 
into a slot of a personal computer The input/output de- 
vice controller, which permits an intormation processing 
apparatus to communicate with an input/output device, 
comprises: an interface that is employed for data ex- 
change with the input/output bus of the information 
processing apparatus, a register for temporarily holding 
part of a data group that is to be exchanged, a driver for 
transmitting a signal to the input/output device, a power 
enabler for, in consonance with the contents written in 
the register, connecting/disconnecting a power line that 
joins the input/output device to a power source, and de- 
tection means for detecting an over current across the 
power line; and writes in the register the detection result 
and renders off the driver in response to the detection 
result, when an abnormality is detected in the supply of 
power to the PC card, the detection result can be report- 
ed to the PC. In addition, when an abnormality in the 
supply of power to the PC card is detected, the output 
of the driver for transmitting a signal to the PC card is 
halted, and the destruction of the internal circuit of the 
PC card due to the latch*up can be prevented. 
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quently loaded into and unloaded from a PC, and vari- 

ous PC card types that are produced by many makers 
are now commercially available. However, almost noth- 
ing concerning the consumption of power by PC cards 
is contained In the current standards that are specified 
for PC cards. There are PC cards that have a large pow- 
er consumption that exceeds the power supply capabil- 
ities of the PC card power circuits that are provided In 
the PCs, and there have been some instances where 
such PC cards have been loaded into the slots 50 of 
PCs. In another cases, the power sources are short- 
circuited to the GND because of the abnormalities of in- 
ternal circuits of the PC cards. Further, since the present 
I/O card standards that were specified for PC cards were 
added to the original standards that were specified for 
memory cards, cards such as hard disk cards (the so- 
called Type HI), whose power consumption is large 
(which is neither abnormal nor over current), have been 
loaded into slots that were intended for memory cards. 
When the power consumption of a loaded PC card is 
unexpectedly great, the PC card power supply circuit in 
the PC and the power circuit of the PC itself will be de- 
stroyed, and the data contents of the memory for the PC 
will be lost. 

In short, there are no established standards that 
cover power consumption by PC cards, and the internal 
state of PC cards cannot be determined at a glance. As. 
in spite of these problems, frequent active insertion, and 
extraction, of PC cards occurs as a consequence of the 
principle of Plug and Play, power protection counter- 
measures for PC cards are very Important. 

To provide a secure supply of power for PC cards, 
conventionally, over current protection circuits are locat- 
ed on the power lines. Fuses 33 and 34 that are inserted 
in series on the power lines 35 and 36 in Fig. 11 are 
equivalent to such circuits. However, over current pro- 
tection that involves the use of fuses has the following 
problems. 

(1) Generally, the fuses 33 and 34 that are em- 
ployed for the power controller 30 are chip types 
that are assembled on a board by soldering, and 
replacing them is not easy, even if they can be cut 
off. Accordingly, once the fuses have blown, even 
when a normal PC card is loaded to the slot, the PC 
card is not activated. 

(2) Generally, the fuses are components that have 
a low response speed, so that over current flows to 
the PC card for a moment until the fuses are blown. 
As an excess current flows to the PC card and the 
voltage within the PC is reduced, the operation of 
the PC may be halted and the contents of the main 
memory may be damaged. 

(3) When the PC card is not activated because the 
PC card causes the fuses to blow, there is no Inter- 
face, specified by PCMCIA/JEIDA, which can report 



the cause of the fault to a user or to the PC. Since 
the user is not aware of the abnormality, in many 
cases he Inserts the PC card, which contains the 
abnormality, into other slots on the same PC or an- 

5 other PC, one after another, to try to determine what 
is wrong. This is more often performed with PC 
cards for which detachment is made easier for Plug 
and Play purposes. The repetitious attempts to de- 
termine what is wrong may cause the fuses of every 

10 PC card slot to be blown. Further, since the driver 
for the PCMCIA controller is maintained In the ON 
state while there is no power supplied to the PC 
card, the PC. to which the abnormality is not report- 
ed, will try to access the PC card. However, since 

IS the circuit components, such as transistors, can 
switch the input signal properly only upon the appli- 
cation of a drive voltage, and can not be activated 
when no drive voltage is applied, a current may flow 
in an unexpected direction within the components 

20 or between the components. As a result, some sig- 
nals may cause a large current to sink, and the in- 
terna! circuit of the PC card may be destroyed by 
the latch-up. When the fuses have blown only on 
the Vcc side, only the voltage Vpp is available to 

25 drive the PC card. The application of only the volt- 
age Vpp, which is originally optional, is counter to 
the specifications and creates a dangerous condi- 
tion for PC cards. 

30 There is one method where information concerning 
the power consumption of the PC card is written, as part 

of the card attribute information (CIS), into an internal 
HOWi on the PC card so that the PC can read that infor- 
mation. However, as power must be supplied to the PC 
55 card In order for the information to be read from the 
ROM, this method does not provide complete protec- 
tion. 

As is described above, when a power abnormality 
occurs on a PC card, It is Imperative that the supply of 

40 power be halted before the PC is damaged and that In- 
formation concerning the occurrence of the abnormality 
be transmitted to the system of the PC. 

In accordance with the present invention there is 
now provided apparatus for controlling a supply of pow- 

^ er by an information processing system to a detachable 
input/output device, comprising: a first power line for 
supplying power at a first voltage level; a second power 
line for supplying power at a second voltage level; a first 
detector for detecting an over current across the first 

so power line; a second detector for detecting an over cur- 
rent across the second power line; OB means for logi- 
cally adding the outputs of both the first and second de- 
tectors; a first switch that is employed for connection and 
disconnection of the first power line in response to an 

55 output of the OR means; and a second switch that is 
employed for connection and disconnection of the sec- 
ond power line in response to an output of the OR 
means. 
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Viewing another aspect of the present invention, 
there is now provided an input/output device controller, 
which permits an information processing apparatus to 
communicate with a detachable input/output device, 
comprising: an interface that is employed for data ex- 
change with an input/output bus of the information 
processing apparatus, a register for temporarily holding 
part of a data group that is to be exchanged, a driver for 
transmitting a signal to the input/output device, a power 
enabler for, in accordance with data that are written into 
the register, connecting/disconnecting a power line that 
joins the input/output device to a power source, detec- 
tion means for detecting an over current across the pow- 
er line; and rendering off the driver in response to the 
detection result that is obtained by the detection means. 

Viewing yet another aspect of the present Invention, 
there is now provided a power enabling method, for con- 
trolling a supply of power by an information processing 
apparatus to a detachable Input/output device, compris- 
ing the steps of: detecting whether or not there exists a 
supplied power abnormality; halting the supply of power 
in response to detection of the abnormality; halting 
transmission of a signal to the Input/output device in re- 
sponse to the detection of the abnormality; and reporting 
the detection of the abnormality to the information 
processing apparatus. 

The present invention this provides a power ena- 
bling mechanism, a power enabling method, and an in- 
put/output device controller for controlling a supply of 
power by an information processing apparatus to an in- 
put/output device that is loaded Into it. 

The Input/output device may, for example, be a PC 
card that is loaded Into a slot of a personal computer 
(PC). 

In preferred embodiments of the present invention 
there is provided a power enabling mechanism, a power 
enabling method, and an Input/output device controller 
for securely supplying power to a PC card that is loaded 
into a slot of a personal computer, and for preventing a 
voltage reduction and a circuit fault of the PC and the 
latch-up of the PC card even when power consumption 
by the PC card is abnormal (or a large power consump- 
tion exceeds specified standards). 

In one preferred embodiment of the present Inven- 
tion, a power enabling mechanism, which controls a 
supply of power by an information processing apparatus 
to a detachable input/output device, comprises: a first 
power line for supplying power at a first voltage level; a 
second power line for supplying power at a second volt- 
age level; a first detector for detecting an over current 
across the first power line; a second detector for detect- 
ing an over current across the second power line; OR 
means for logically adding the outputs of the first and 
the second detectors; a first switch that is employed for 
connection and disconnection of the first power line in 
response to an output of the OR means; and a second 
switch that is employed for connection and disconnec- 
tion of the second power line in response to an output 



of the OR means. 

In another preferred embodiment of the present in- 
vention, a power enabling mechanism, which controls a 
supply of power by an Information processing apparatus 
s to a detachable input/output device, comprises: a first 
power line for supplying power at a first voltage level, a 
second power line for supplying power at a second volt- 
age level, a first detector for detecting an over current 
across the first power line, a second detector for detect- 
to ing an over current across the second power line, OR 
means for logically adding the outputs of the first and 
the second detectors, a first switch that is employed for 
connection and disconnection of the first power line in 
response to an output of the OR means, a second switch 
ts that is employed for connection and disconnection of the 
second power line in response to an output of the OR 
means; and employs the OR means also to report the 
output to the information processing apparatus. 

In yet another preferred embodiment of the present 
20 invention, a power enabling mechanism, which controls 
a supply of power by an information processing appa- 
ratus to a detachable input/output device, comprises: a 
first power line for supplying power at a first voltage lev- 
el; a second power line for supplying power at a second 
2S voltage level; a first fuse that blows when an over current 
flows across the first power line; a second fuse that 
blows when an over current flows across the second 
power line; a first detection line that Is set to the ON state 
by the blowing of the first fuse; a second detection line 
30 that is set to the ON state by the blowing of the second 
fuse; and a report line that is employed to carry a notice 
to the information processing apparatus when at least 
one of the first and the second detection lines is set in 
the ON state. 

55 In still another preferred embodiment of the present 
invention, an input/output device controller, which per- 
mits an information processing apparatus to communi- 
cate with a detachable Input/output device, comprises: 
an interface that is employed for data exchange with an 

^0 input/output bus of the Information processing appara- 
tus, a register for temporarily holding partof adata group 
that Is to be exchanged, a driver for transmitting a signal 
to the input/output device, a power enabler for. In con- 
sonance with data that are written Into the register, con- 

^ nectlng/disconnectlng a power line that joins the in- 
put/output device to a power source, detection means 
for detecting an over current across the power line; and 
renders off the driver in response to the detection result 
that is obtained by the detection means. 

£0 In a further preferred embodiment of the present in- 
vention, an Input/output device controller, which permits 
an Information processing apparatus to communicate 
with a detachable input/output device, comprises: an in- 
terface that is employed for data exchange with an in- 

55 put/output bus of the information processing apparatus, 
a register for temporarily holding part of a data group 
that is to be exchanged, a driver for transmitting a signal 
to the input/output device, a power enabler for, in con- 
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sonance with the contents written in the register, con- 
necting/disconnecting a power line that joins the in- 
put/output device to a power source, detection means 
for detecting an over current across the power line; and 
provides in the register a field in which the detection re- 
sult is written and renders off the driver in response to 
the detection result that is obtained by the detection 
means. 

In an example of the present invention, a power en- 
abling method, for controlling a supply of power by an 
information processing apparatus to a detachable In- 
put/output device, comprises the steps of: detecting 
whether or not there exists a supplied power abnormal- 
ity; and hatting transmission of a signal to the input/out- 
put device in response to the abnormality that is detect- 
ed. 

In another example of the present invention, a pow- 
er enabling method, for controlling a supply of power by 
an information processing apparatus to a detachable in- 
put/output device, comprises the steps of: detecting 
whether or not there exists a supplied power abnormal- 
ity; halting the supply of power in response to detection 
of the abnormality; halting transmission of a signal to the 
Input/output device in response to the detection of the 
abnormality; and reporting the detection of the abnor- 
mality to the information processing apparatus. 

In yet another example of the present invention, a 
power enabling method, for controlling a supply of pow- 
er by an information processing apparatus to a detach- 
able Input/output device, comprises the steps of: initiat- 
ing the supply of power in response to the loading of the 
input/output device into the information processing ap- 
paratus; detecting whether or not there exists a supplied 
power abnormality; halting the supply of power in re- 
sponse to detection of the abnormality; halting transmis- 
sion of a signal to the input/output device in response to 
the detection of the abnormality; reporting the detection 
of the abnormality to the information processing appa- 
ratus; and maintaining the halting of the supply of power 
to the input/output device at least while the input/output 
device is loaded. 

In still another example of the present invention, a 
power enabling mechanism, which controls a supply of 
power by an information processing apparatus to a de- 
tachable input/output device, comprises: a first power 
line for supplying power at a first voltage level; a second 
power line for supplying power at a second voltage level; 
a first detector for detecting an over cun^ent across the 
first power line; a second detector for detecting an over 
current across the second power line; OR means for log- 
ically adding the outputs of the first and the second de- 
tectors; a first switch that is emptoyed for connection and 
disconnection of the first power line; first ON/OFF con- 
trol means for rendering on the first switch according to 
an instruction from the information processing appara- 
tus and for rendering off the first switch in response to 
the logical sum that is acquired by the OR means and 
maintaining an OFF state until an instruction is received 



from the Information processing apparatus; a second 
switch that is employed for connection and disconnec- 
tion of the second power line; and second ON/OFF con- 
trol means for rendering on the second switch according 

s to an instruction from the Information processing appa- 
ratus and for rendering off the second switch in re- 
sponse to the logical sum that is acquired by the OR 
means and maintaining an OFF state until an instruction 
is received from the information processing apparatus. 

10 In a further example of the present invention, a pow- 
er enabling mechanism, which controls a supply of pow- 
er by an information processing apparatus to a detach- 
able input/output device, comprises: a first power line 
for supplying power at a first voltage level, a second 

IS power line for supplying power at a second voltage level, 
a first detector for detecting an over current across the 
first power line, a second detector for detecting an over 
current across the second power line, OR means for log- 
ically adding the outputs of the first and the second de- 

20 lectors, a first switch that is employed for connection and 
disconnection of the first power line, first ON/OFF con- 
trol means for rendering on the first switch according to 
an instruction from the information processing appara- 
tus and for rendering off the first switch in response to 

25 the logical sum that is acquired by the OR means, and 
maintaining an OFF state until an instruction is received 
from the information processing apparatus, a second 
switch that is employed for connection and disconnec- 
tion of the second power line, second ON/OFF control 

30 means for rendering on the second switch according to 
an instruction from the information processing appara- 
tus and for rendering off the second switch in response 
to the logical sum that is acquired by the OR means and 
maintaining an OFF state until an instruction is received 

55 from the information processing apparatus; and em- 
ploys the OR means also to report the output to the in- 
formation processing apparatus. 

In a preferred example of the present invention, an 
input/output device controller, which permits an informa- 

40 tion processing apparatus to communicate with a de- 
tachable input/output device, comprises: an interface 
that is employed for data exchange with an input/output 
bus of the information processing apparatus, a register 
for temporarily holding part of a data group that is to be 

45 exchanged, a driver for transmitting a signal to the in- 
put/output device, a power enabler for, in consonance 
with the contents written In the register, connecting/dis- 
connecting a power line that joins the input/output de- 
vice to a power source, detection means for detecting 

50 an over current across the power line, holding means 
for holding a detection result until an instruction is re- 
ceived from the information processing apparatus; and 
renders off the driver in response to an output of the 
holding means. 

55 in another preferred example of the present inven- 
tion, an input/output device controller, which permits an 
information processing apparatus to communicate with 
a detachable input/output device, comprises: an inter- 
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face that is employed tor data exchange with an in- 
put/output bus of the information processing apparatus, 
a register for temporarily holding part of a data group 
that is to be exchanged, a driver for transmitting a signal 
to the input/output device, a power enabler for, in con- 
sonance with the contents written in the register, con- 
necting/disconnecting a power line that connects the In- 
put/output device to a power source, detection means 
for detecting an over current across the power line, hold- 
ing means for holding detection result until an instruction 
is received from the information processing apparatus; 
and provides in the register a field in which the detection 
result is written and renders off the driver in response to 
an output of the holding means. 

Preferred embodiments of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which: 

Fig. 1 is a schematic diagram illustrating the hard- 
ware arrangement in the vicinity of a PCMCIA PC 
card slot according to a first embodiment of the 
present Invention; 

Fig. 2 is a graph showing a current that flows across 
power lines 35 and 36 when an over current detec- 
tbn result Is not retained; 

Fig. 3 Is a diagram showing the detailed structure 
of a power controller 30 according to the first em- 
bodiment of the present invention, and more spe- 
cifically, is a diagram showing the internal structure 
of the power controller 30 that can maintain the cut- 
off states of the power lines 35 and 36; 

Fig. 4 is a timing chart for the ON/OFF operation of 
a switch 31 when the power controller 30 shown in 
Fig. 3 is employed; 

Fig. 5 is a diagram showing the internal arrange- 
ment of a PCMCIA controller 20 according to the 
first embodiment of the present Invention; 

Fig. 6 Is a diagram Illustrating the arrangement of a 
register 23 in the PCMCIA controller 20 according 
to the first embodiment of the present invention; 

Fig. 7 Is a schematic diagram illustrating the hard- 
ware an'angement in the vicinity of a PCMCIA PC 
card slot according to a second embodiment of the 
present invention; 

Fig. 8 Is a diagram showing the system structure of 
a personal computer (PC) that Implements the 
present inventbn; 

Fig. 9 Is a flowchart for the operation of the PC that 
implements the present Invention; 



Fig. 10 is a diagram showing a notebook computer 
where a PC card slot is provided on the side of the 
computer body; and 

5 Fig. 1 1 is a schematic diagram illustrating a conven- 
tional hardware arrangement 100 with which a PC 
communicates with a PC card 60 that conforms to 
the standards specified by PCMCIA/JEIDA. 

10 Embodiments of the present invention will be de- 
scribed in the following articles: 

A. Hardware arrangement of a first embodiment 

is B. Hardware arrangement of a second embodiment 

C. System structure of a PC that implements the 
present Invention 

20 D. Operation of a PC that implements the present 
invention 

A. Hardware arrangement of a first embodiment 

25 Fig. 1 is a schematic diagram illustrating the hard- 
ware arrangement in a vicinity 1 00 of a PCMCIA PC card 
stot according to a first embodiment of the present in- 
ventfon. In Fig. 1, the same reference numbers as are 
used in Fig. 11 are used to denote corresponding or 

30 identical components, and sections that are unneces- 
sary to the explanation are not described. There are 
three differences between the first embodiment and the 
prior art In Fig. 1 1 . These will now be described in detail. 
The first difference between the first embodiment 

55 and the prior art in Fig. 1 1 is that an over current detector 
40 is provided instead of the fuses 33 and 34 on the 
power lines 35 and 36. The over current detector 40 de- 
tects an over current that flows across the power lines 
35 and 36. 

40 As is shown in Fig. 1 , a resistor 41 , which converts 
a current into a voltage, is inserted in series on the power 
line 35. The two ends of the resistor 41 are connected 
respectively to the non-inversion terminal and the inver- 
sion temninal of a differential amplifier 43. The differen- 

45 tial amplifier 43 has its threshold value set at a voltage 
level that corresponds to an over current value that is to 
be detected. When an over current flows across the 
power line 35. the differential amplifier 43 Is rendered 
on. Similarly, a resistor 42 is connected in series on the 

so power line 36, and a difference in the potentials at the 
two ends of the resistor 42 is detected by a differential 
amplifier 44. Since the over current detector 40 is con- 
stituted by an analog device, the response is quick, and 
as soon as a PC card with a power abnormality or with 

55 a large power consumption is loaded Into a slot 50, the 
power lines 35 and 36 can be cut off from the voltage 
Vcc and Vpp. 

The second difference between this embodiment 
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and the prior art is that the tvwo detection results by the 
above described over current detector 40 are fed back 
to the power controller 30. 

As is shown in Fig. 1 , the outputs of the differential 
amplifiers 43 and 44 are transmitted to an OR gate 39. 
The OR gate 39, which is a component for outputting a 
logical sum of these two inputs, fonwards an output OCS 
(Over Currency Signal) in response to the detection of 
an over current across at least one of the power lines 

35 and 36. The output OCS of the OR gate 39 Is sent to 
switch ON/OFF controllers 37 and 38. The switch 
ON/OFF controller 37 receives not only an output signal 
OCS from the OR gate 39. but also a control signal 
Vcc-En from a power enabler 24 of a PCMCIA control- 
ler 20, and forwards a logical product of the low-level 
OCS (i.e., the over current undetected state) and the 
high-level V^c-En (i.e., the enabled state of the power 
line 35) to the gate of a switch 31 . The switch ON/OFF 
controller 38 receives not only an output signal OCS 
from the OR gate 39, but also a control signal Vpp_En 
from the power enabler 24 of the PCMCIA controller 20. 
and foHA^rds a logical product of the low-level OCS (I. 
e. , the over current undetected state) and the high-level 
Vpp^En (i.e., the enabled state of the power line 36) to 
the gate of a switch 32. The switches 31 and 32 are 
channel MOS FET switches. When the outputs of the 
ON/OFF controllers 37 and 38 are high. I.e., when the 
power lines 35 and 36 are in the enabled state and an 
over current is not detected yet, the power lines 35 and 

36 are connected to the respective power sources V^c 
and Vpp. They are cut off in response to the detection 
of an over current. The cutoff of the power lines 35 and 
36 is performed as a normal operation of the transistors 
31 and 32 instead of by the destruction of components, 
such as fuses. Therefore, the replacement of such com- 
ponents as fuses, as Is described in the [Description of 
the Background], Is not required. The operation is start- 
ed naturally by Inserting a normal PC card. 

Although, for simplifying the explanation, the switch 
ON/OFF controllers 37 and 38 have been employed 
simply as a combination circuit, such as an AND gate, 
It is preferable that the controllers 37 and 38 act as a 
sequence circuit that can latch the Interna! state. More 
specifically, it is desirable that, once an over current is 
detected, the OFF states of the switches 31 and 32 can 
be maintained at least until being reset by the insertion 
of another PC card. Since an over current is not detected 
by cutting off the switches 31 and 32, the closing and 
the opening of the switches 31 and 32 will be endlessly 
repeated if the over current detection result cannot be 
latched. As a result, a ringing current (a triangular wave 
current that has as its main amplitude a threshold value 
of the differential amplifiers 43 and 44), as is shown in 
Fig. 2, will flow across the power lines 35 and 36 (a ring- 
ing current will cause the thermal destruction of the PC 
card 60 and the slot 50 and is a waste of power for the 
PC). Fig. 3 is a detailed diagram for the Internal structure 
of the power controller 30 that can latch the over current 



detection result. In Fig. 3, the ON/OFF controller 37 in- 
cludes a NAND gate 37 A. an SR latch 37B, and a pulse 
generator 37C, while the ON/OFF controller 38 Includes 
a NAND gate 38A, an SR latch 388, and a pulse gen- 
5 erator 38C. Since the structures and the processing of 
the ON/OFF controller 37 and 38 are almost identical, 
an explanation will be given only for the ON/OFF con- 
troller 37. Signal Vcc_En from the power enabler 24 is 
directly input to one terminal of the NAND gate 37 A, and 
10 is also input to the S terminal of the SR latch 378 via the 
pulse generator 37C. The output Q of the SR latch 378 
is input to the other terminal of the NAND gate 37 A. The 
NAND gate 37A Inverts the logical product of the two 
inputs and outputs the result to the gate of the switch 
IS 31. The pulse generator 37C outputs one pulse each 
time an input signal goes high, and upon the receipt of 
one pulse at the S terminal, the SR latch 378 sets the 
output Q high (well known). When the signal Vcc-En is 
enabled, both inputs to the NAND gate 37 A are high, 
20 and the switch 31 is turned on. The over current detec- 
tion results for the power lines 35 and 36 are sent to the 
OR gate 39A, and then to the R terminal of the SR latch 
378 via a pulse generator 398. Upon the receipt of one 
pulse at the R terminal, the SR latch 378 resets the out- 
25 put Q (well known). Therefore, when an over current is 
detected for at least one of the power lines 35 and 36. 
the pulse generator 398 outputs one pulse, and the out- 
put Q of the SR latch 378 is set to low. Even when the 
Vcc^En is enabled, the output of the NAND gate 37A Is' 
30 set to high. As a result, the P-channel MOS FET switch 
31 is turned off and maintained in the OFF state. 

Fig. 4 Is a timing chart for the ON/OFF operation of 
the switch 31 when the power controller 30 shown In 
Fig. 3 is employed. As is shown In Fig. 4, in response to 
35 the enabled state of V^c-En, one pulse is input to the 
S terminal and the SR latch 37B is set. As a result, the 
switch 31 is also turned on. When an over current is de- 
tected, one pulse is Input to the R terminal, and the SR 
latch 37B is reset. As a result, the switch 31 Is also 
40 turned off. It would be understood by one having ordi- 
nary skill in the art that once an over current is detected, 
the switch 31 is maintained in the OFF state even when 
Vcc-En is enabled. 

The third difference between the first embodiment 
45 and the prior art is that the two outputs of the over cun-ent 
detector 40 are fed back to the PCMCIA controller 20. 
More specifically, the output of the OR gate 39 is Indi- 
vidually sent to the driver 25 and the register 23. 
Fig. 5 is a diagram showing an essential internal 
so structure of the PCMCIA controller 20, which is required 
for the explanation, according to the first embodiment of 
the present invention. As is shown in Fig. 5, the output 
of the OR gate 39A. which Is the over current detection 
result for the power line 35 or 36, Is also sent to a latch 
ss 39C. The latch 39C is a sequence circuit that maintains 
its output OCS high when a high output is received from 
the OR gate 39A. and is implemented by a D latch, for 
example. The output of the latch 39C is fonwarded to the 
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register 23 and the driver 25. Upon the receipt of the 
high level signal OCS, the register 23 writes an OCS bit 
at a predetermined address, which will be described lat- 
er. The driver 25, which is an equivalent circuit to a buffer 
for transmitting power, receives the inverted OCS signal 
at a gate control terminal of the buffer. Therefore, in re- 
sponse to the high OCS signal that is accompanied by 
the over current detection, the driver 25 falls into a high 
impedance state (Hl-Z), and as a result, the transmis- 
sion of a bus signal to the PC card 60 can be hatted. 

Fig. 6 is a diagram showing a part of the internal 
structure of the register 23 of the PCMCIA controller 20. 
In Fig. 6, address k points to an input register in which 
a Vcc bit and a Vpp bit, Instructions for supplying power 
to the power lines 35 and 36, are written. Address m 
points to an output register in which an event indicator 
(Card Detect) for the loading of the PC card 60 to the 
slot 50 Is written. Address n points to an output register 
in which an event indicator (OCS bit) for the detection 
of an over current is written, and to which a detection 
signal OCS is input (previously described). The register 
23 is generally arranged by referring to Intel 182365SL, 
while the output register in which the contents of the 
OCS bit are written is unique to this embodiment. Since 
the PC can access the register 23 during a nomria! I/O 
read cycle, a PC card power abnormality can be found 
by the reading data at address n. Although the register 
23 includes many other I/O registers, they are well 
known to one having ordinary skill in the art and no ex- 
planation for them will be given. 

B. Hardware arrangement of a second embodiment 

Fig. 7 is a schematic diagram illustrating the hard- 
ware arrangement for a vicinity 100 of a PCMCIA PC 
card slot according to a second embodiment of the 
present invention. In Fig. 7, the same reference num- 
bers as are used In Fig. 11 are used to denote corre- 
sponding or identical components. Sections that are not 
required for the explanation are not shown In Fig. 7. 

In the second embodiment, instead of the over cur- 
rent detector 40, fuses 31 and 32 are employed as in 
the prior art (Fig. 11 ) to cut off power at power lines 35 
and 36. It should be noted that this embodiment differs 
from the prior art In that the power cutoff by the fuses 
31 and 32 is fed back to a PCMCIA controller 20. 

In Fig. 7, the emitter of a pnp transistor Q1 is con- 
nected to the power Vqq side terminal of a fuse 33, and 
its base Is connected to the PC card 60 side terminal of 
the fuse 33 via a resistor R^. Since the base and the 
emitter have the same electric potential while the fuse 
33 is coupled, the transistor Q1 Is rendered off. When 
an over current flows across the power line 35 and the 
fuse 33 blows, the base is pulled down to the GND with 
the PC card 60 as a load, and a bias voltage V^q is ap- 
plied to the emitter. The transistor Q1 is rendered on and 
is maintained In this state. The emitter of the transistor 
02, which is also a pnp transistor, is connected to the 



voltage Vpp side terminal of a fuse 34 and its base is 
connected to the PC card 60 side terminal of the fuse 
34 via a resistor R2. Although the transistor Q2 Is ren- 
dered off when the fuse 34 is coupled, once the fuse 34 

5 blows, the transistor 02 Is rendered on and is main- 
tained in this state. 

The collector terminals of the transistors 01 and 02 
are OR-coupled at point S and are then branched. One 
end is connected to the base of an npn transistor 03 via 

10 a resistor R4, and the other end is pulled down to the 
GND via a resistor R5. The emitter of the transistor 03 
is pulled down to the GND. and a system voltage Vqq 
Is applied to the collector of the transistor 03 via a re- 
sistor R3. Since the base potential is maintained as a 

1S GND level as long as a normal current flows across the 
power lines 35 and 36 and the transistors Q1 and 02 
are rendered off, the transistor 03 is also rendered off 
and a voltage at point T is kept high. When an over cur- 
rent flows across at least one of the power lines 35 and 

20 36, either transistor 01 or 02, or both, are rendered on, 
and in response to this a current flows to the base. Thus, 
the transistor 03 Is rendered on and maintained In the 
ON state. Further, a current flows from the collector of 
the transistor 03 to its emitter and a voltage at point T 

25 drops to low. 

The collector terminal of the transistor 03 is 
branched at point T. A signal, FBO (Fuse Blow Out), 
which reports the blowing of the fuses 33 and 34, is car- 
ried over one of the branched signal lines and through 

50 an Inversion buffer B. The signal FBO is transmitted to 
address n of the register 23 and to the gate control ter- 
minal of the driver 25 in the PCMCIA controller 20. When 
both the fuses 33 and 34 are coupled, the FBO, which 
is the inversion signal for the collector of the transistor 

35 03, is maintained low. When at least one of the fuses 
33 and 34 has blown, the signal FBO goes high and Is 
nfiaintained high. Since hereafter a high potential volt- 
age Is applied to the gate control terminal of the driver 
25, and the driver 25 goes into a high impedance state, 

40 a bus signal can not be output, in response to the high 
level signal FBO, an OCS bit indicating that the power 
is cut off is set at address n in the register 23. The struc- 
tures and the operational characteristics of the register 
23 and the driver 25 are the same as those in the first 

45 embodiment. 

Since the high-level signal FBO can be maintained 
by the blowing of the fuses 33 and 34, the latch 39C 
shown In Fig. 5 is not necessary. The resistors R^, Rg, 
R3, R4, and R5 are components for voltage-current con- 

50 version and for current-voltage reconversion, and are 
approximately 1 kQto 10 kn. 

C. System structure of a PC that implements the present 
invention 

55 

Fig. 8 is a schematic diagram illustrating the system 
structure of a PC that implements a PCMCIA PC card 
slot according to the first and the second embodiments 
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of the present invention. 

The lower half tiers are hardware tiers and their de- 
tails are as described in article A or B. For the PC card 
60. besides memory card specifications, there are I/O 
card specifications, such as those for a fax/modem card, 
a LAN adaptor card, an HDD card, and an IR (infrared 
communication) adaptor card. The PC includes one or 
more slots into which a PC card is loaded. 

The lowest tier level of software is a socket sen/lce. 
The socket service is PC card control software that in- 
cludes a function call for directly accessing the PCMCIA 
controller 20 for control performance. More specifically, 
the socket sen^lce has functions such as the acquisition 
of the state of the PC card slot 50, the resetting of an 
interrupt level when the state of the slot 50 is changed, 
and the mapping of the memory and the I/O port of the 
PC card 60 to the PC. 

A card service, which is PC card control software 
that is located between the socket sen/ice and upper 
system software, can issue a function call to the socket 
sen/lce. More specifically, the card sen/ice has a table 
for the hardware resources (e.g., memory space and I/O 
space that a PC card uses, and an interrupt level) that 
are assigned to each PC card. In response to the attach- 
ment and detachment of the PC card, the hardware re- 
sources can be actively re-distributed, and the PC card 
attachment and detachment events can be reported to 
a corresponding device drive or to a corresponding ap- 
plication program. 

In the hardware control tiers, data are exchanged 
between individual hardware components of the sys- 
tem, and an ordinary command that is Issued by the up- 
per software is changed to operable code by the hard- 
ware and is transmitted to the lower tier. Device drivers 
for operating a fax/modem card, a LAN adaptor card, an 
HDD card, and a serial IR (Infrared communication) 
adaptor card are the equivalent of these hardware com- 
ponents. The device drivers can issue a function call to 
the card service for the assignment of hardware re- 
sources. 

/Vn operating system (OS) is the basic software for 
controlling the execution of the application programs at 
the highest tier level. More specifically, the operating 
system performs resource management, such as a 
command process, memory control, Input/output con- 
trol, and task management, to enable a PC to execute 
application programs, and also provides for a user an 
interface environment, such as a system command or a 
system call. OS/2 (U.S. IBM trademark) and AIX (U.S. 
IBM trademark) are the equivalents of such the operat- 
ing system. The OS is sometimes equipped with stand- 
ard device drivers, card sen^ices, and configuration soft- 
ware. 

At the highest tier level are application programs, 
which are loaded by a user from an auxiliary storage 
device into a main memory. Since these are not associ- 
ated with the subject of the present invention, a detailed 
explanation of them will not be given. 
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D. Operation of a PC that implements the present 
invention 

Since the hardware and software arrangements of 
5 the system for implementing the present invention have 
been described, the operation of the system and the 
processing of the present invention wilt be explained in 
this article. 

Fig. 9 Is a flowchart for the operation when a PC 

10 card 60 Is loaded into a PC that implements the present 
invention. The procedures at the individual steps will 
now be described in detail. 

When the PC card 60 is inserted into the slot 50, 
the socket sen/ice detects and reports this via the card 

75 sen/ice to the device driver (step SI 2). 

Then, the PC (more specifically, the device driver) 
tries to power on the PC card 60 by writing the V^c bit 
and the Vpp bit at address k of the register 23 (step S 1 4). 
When an over current across at least one of the power 

20 lines 35 and 36 is detected, or when one of the fuses 
has blown, the OCS bit is set in the register 23 (previ- 
ously described). The socket sen/ice reads the contents 
at address n into the register 23 during the I/O read cycle 
(step S16). Then, a check Is performed to determine 

25 whether or not the supply of power to the power lines 
35 and 36 Is normal (step,S18). 

If the decisbn at step SI 8 is affirmative, upon a re- 
quest from the configuration software of the device driv- 
er, the socket service reads the attribute information for 

30 the PC card 60 (card Information structure: CIS) (step 
S20). Then, the card service employs the CIS and ac- 
tively redistributes the PC hardware resources, by as- 
signing to the PC card 60 memory space and I/O space 
in the PC, and an Interrupt level (step S22). Then, the 

35 PC is set in Its normal operational state (step S24). The 
CIS comprises PC card identification information, ac- 
cess speed, electric specifications, and configuration, 
and is written into, for example, a ROM that is incorpo- 
rated In the PC card 60. 

40 When the decision at step SI 8 is negative. I.e., 
when the OCS bit Is set at address n In the register 23, 
it is reported as error information to the OS via the socket 
sen^ice and the card sen/ice. The OS may report the 
contents of the error to a user via a GUI (Graphical User 

45 Interface) (step S26). Since the notice is reported to a 
user via the GUI , reoccurrence of a fault, such as Inser- 
tion of the PC card 60 Into other slots, can be prevented. 
The insertbn of the PC card 60 is abnormally terminated 
(abort), and later access to the PC card 60 may be in- 

50 hiblted (step S28). 

The present invention has been explained In detail 
while referring to the specific embodiment. It will be ob- 
vious, however, to one having ordinary skill in the art 
that the above embodiment may be modified or varied 

55 without exceeding the scope of the present Invention, In 
other words, while the present Invention has been dis- 
closed by using an example, it is not limited to this ex- 
ample. To understand the subject of the present inven- 
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tion. claims should be referred to. 

As described above in detail, according to the 
present Inventbn, it is possible to provide a power ena- 
bling mechanism, a power enabling method, and an in- 
put/output device controller for securely supplying pow- 
er to a PC card that is loaded Into a slot of a personal 
computer (PC), and for preventing a voltage risduction 
and circuit fault of the PC and the latch-up of the PC 
card even when power consumption by the PC card is 
abnormal (or a large power consumption exceeds spec- 
ified standards). 

More specifically, according to the present inven- 
tion, even when, among the two system power lines for 
Vcc and Vpp that are specified by PCMCIA, only the 
power line for the referential voltage Vcc 'S cut off, the 
power line for Vpp can also be cut off, and the undeslred 
destruction of the PC card can be prevented. 

Further, according to the present invention, when 
an abnormality is detected in the supply of power to the 
PC card, the detection result can be reported to the PC. 
Therefore, as the result can also be reported to a user 
via a GUI (Graphical User Interface), etc., no unneces- 
sary effort to confirm an abnormality is required. 

In addition, according to the present invention, 
when an abnormality is detected in the supply of power 
to the PC card, the output of the driver for transmitting 
a signal (an address signal, data signal, or a control sig- 
nal) to the PC card is halted, and the destruction of the 
internal circuit of the PC card due to the latch-up, etc., 
can be prevented. 

Moreover, according to the present invention, when 
a PC card that has a power supply abnormality is loaded 
into a card slot, the power line cut-off and/or the output 
halt of a bus signal to the PC card can be maintained. 
Therefore, even when a PC card that has an abnormality 
is being loaded, ringing of a supplied current that ac- 
companies the repetitious connection and disconnec- 
tion of the power lines to the power source can be pre- 
vented. 



Claims 

1. Apparatus for controlling a supply of power by an 
information processing system to a detachable in- 
put/output device, comprising: 

a first power line for supplying power at a first 
voltage level; 

a second power line for supplying power at a 
second voltage level; 

a first detector for detecting an over current 
across the first power line; 

a second detector for detecting an over current 
across the second power line; 



OR means for logically adding the outputs of 
both the first and second detectors; 

a first switch that is employed for connection 
^ and disconnection of the first power line in re- 

sponse to an output of the OR means; and 

a second switch that is employed for connec- 
tion and disconnection of the second power line 
10 in response to an output of the OR means. 

2. Apparatus as claimed in claim 1 , wherein the OR 
means also to report the output to the information 
processing apparatus. 

IS 

3. Apparatus as claimed in claim 1 or 2, wherein the 
first and the second switches are constituted by a 
MOS FET transistor or a bipolar transistor. 

20 4. Apparatus as claimed in any preceding claim, 
wherein: 

the first detector comprises a first fuse that 
blows when an over current flows across the 
25 first power line, and a first detection line that is 

set to the ON state by the blowing of the first 
fuse; 

the second detector comprises a second fuse* 
50 that blows when an over current flows across 

the second power line; and 

a second detection line that is set to the ON 
state by the blowing of the second fuse; and 

35 

the OR means comprises a report line that is 
employed to carry a notice to the information 
processing apparatus when at least one of the 
first and the second detection lines is set in the 
40 ON state. 

5. Apparatus as claimed in claim 1, 2, or 4, wherein 
the detachable input/output device is a PC card that 
conforms to standards specified by PCMCIA/JEI- 

45 DA. 

6. An input/output device controller, which permits an 
Information processing apparatus to communicate 
with a detachable input/output device, comprising: 

so 

an interface that is employed for data exchange 
with an input/output bus of the information 
processing apparatus, a register for temporarily 
holding part of a data group that is to be ex- 
55 changed, 

a driver for transmitting a signal to the input/out- 
put device. 
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a power enabler for, in accordance with data 
that are written Into the register, connecting/dis- 
connecting a power line that joins the input/out- 
put device to a power source, detection means 
tor detecting an over current across the power s 
line; and 

rendering off the driver in response to the de- 
tection result that is obtained by the detection 
means. 

7. An Input/output device controller as claimed in claim 
6, wherein the driver is rendered off when the driver 
enters the high state. 

IS 

8. A power enabling method, for controlling a supply 
of power by an information processing apparatus to 
a detachable input/output device, comprising the 
steps of: 

20 

detecting whether or not there exists a supplied 
power abnonnality; halting the supply of power 
in response to detection of the abnormality; 

halting transmission of a signal to the input/out- 2$ 
put device in response to the detection of the 
abnormality; and 

reporting the detection of the abnormality to the 
information processing apparatus. 30 

9. A method as claimed in claim 8 comprising the step 
of: 

maintaining the halting of the supply of power 
to the input/output device at least while the in- 55 
put/output device is loaded. 

10. Apparatus as claimed in claim 1 or claim 2 compris- 
ing: 

40 

first ON/OFF control means for rendering on 
the first switch according to an instruction from 
the information processing apparatus and for 
rendering off the first switch in response to the 
logical sum that is acquired by the OR means 4S 
and maintaining an OFF state until an instruc- 
tion Is received from the information processing 
apparatus; 

second ON/OFF control means for rendering so 
on the second switch according to an instruc- 
tion from the information processing apparatus 
and for rendering off the second switch in re- 
sponse to the logical sum that is acquired by 
the OR means and maintaining an OFF state ss 
until an instruction is received from the informa- 
tion processing apparatus. 
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